Erythrocyte membranes prepared by repeated washings with water have been shown by Anderson and Turner (1) to contain relatively constant amounts of hemoglobin. The hemoglobin of lyophilized erythrocyte membranes represented about 3 per cent of the total erythrocyte hemoglobin and between 49 and 57 per cent of dry weight of the membranes (1) . No differences between the membrane hemoglobin and the watersoluble hemoglobin obtained by the lysis of the whole erythrocytes have been noted in spectrophotometric studies when both were converted to cyanmethemoglobin (2) . However, if a part of the hemoglobin is indeed bound to the membrane it might exhibit other properties distinguishing it from the remainder of the hemoglobin of the red cell.
The present studies were designed to examine further whether the hemoglobin attached to membranes differs from the hemoglobin obtained in watery solution after lysis of erythrocytes with water and toluene by the method of Drabkin (3) , or from the water-soluble hemoglobin obtained by lysis of erythrocytes with 12 volumes of water.
MATERIALS AND METHODS
Blood samples were taken in acid citrate dextrose (ACD) solution and the erythrocytes were washed 4 times with normal saline. An aliquot of washed erythrocytes was lysed with water and toluene by the method of Drabkin (3) , and a clear solution of hemoglobin was obtained after centrifugation at 15 rocytes with 12 volumes of cold water revealed no significant differences in the relative amounts of the major and minor hemoglobin components. Therefore, either preparation was utilized for comparison with the membrane pigment.
After lysis of the erythrocytes with 12 volumes of cold water, washings of the membranes with cold water were continued until no color could be observed in the water; the red cell membranes were still distinctly reddish in color. To remove the hemoglobin from the erythrocyte membranes two different procedures were employed. In the first procedure, cyanmethemoglobin was prepared by the addition of 2 to 3 volumes of 50 per cent urea in Drabkin's diluent 1 (4) to the wet membranes. The mixture was agitated for 5 to 10 minutes and centrifuged at 15,000 X G for 40 minutes. After centrifugation, the reddish precipitate of stroma was discarded. The clear supernatant solution of cyanmethemoglobin was dialyzed with stirring against at least 500 volumes of cold distilled water, with several changes, and centrifuged again before analyses were carried out. Cyanmethemoglobin concentrations of 0.2 to 0.3 g per 100 ml 'were obtained by this method, and further concentration to 1 g per 100 ml could be achieved in a Toribara ultrafiltration apparatus. When membrane hemoglobin prepared by this procedure was compared with hemolysate hemoglobin, the hemolysate hemoglobin was diluted with urea-Drabkin's diluent and dialyzed in the same manner. In a second procedure for the preparation of membrane hemoglobin the carbonmonoxy pigment was obtained. The lysed erythrocytes were exposed to carbon monoxide and the wet membranes collected by centrifugation. The packed wet membranes were then homogenized in an equal volume of cold veronal buffer (pH 8.6, ionic strength 0.04) for 2 to 4 minutes in a multi-mixer (Lourdes). The mixture was centrifuged and the clear supernatant solution of pigment was again exposed to carbon monoxide. Dialysis was omitted; water-soluble carbonmonoxyhemoglobin was compared electrophoretically with the preparation of membrane hemoglobin.
Electrophoretic analyses of the hemoglobin preparations were carried out by the starch granule technique of Kunkel, Ceppellini, Muller-Eberhard and Wolf (5 (Figure 1 ).
In individuals with sickle cell trait or hemoglobin C trait, the abnormal hemoglobin was found to be increased in the membrane pigment as compared with the hemolysate hemoglobin, in every case. In the three individuals with sickle cellhemoglobin C disease, the proportion of the electrophoretically slower hemoglobin C was found to l)e increased in the membrane preparations.
Patients with thalassemia minor. Four patients with hematological findings of thalassemia minor, including elevated values of hemoglobin A2 in the hemolysate hemoglobin, were studied. The results of starch granule electrophoretic analyses of the water-soluble hemoglobin and of membrane carlbonmonoxyhenmoglobin are recorded in Table  e. III.
An increased proportion of hemoglobin A. found to be increased (median 6.9 per cent) in the membrane pigment of normal subjects.
Comparative electrophoretic studies of membrane and hemolysate hemoglobin of individuals with uncomplicated sickle cell trait or hemoglobin C trait disclosed increased amounts of the abnormal hemoglobin (S or C) in the membrane preparations. The measurements of hemoglobin S or of hemoglobin C in both the hemolysate and the membrane preparations included hemoglobin A2, but the amount of this minor component did not appear sufficient to account for the large increments of hemoglobin S or C observed in the membrane preparations. On three electrophoretic analyses of hemoglobin from individuals with sickle cell trait, sufficiently good separation of hemoglobin A2 from hemoglobin S to allow separate quantification of these components was achieved. In these analyses, the average values for hemoglobin A2 and hemoglobin S in the water-soluble pigment were 1.9 and 35 per cent, respectively; but in the membrane, hemoglobin A2 accounted for as much as 5.3 per cent and hemoglobin S for no less than 68 per cent of the total pigment. Electrophoresis of the membrane hemoglobin of patients with sickle cell-hemoglobin C disease disclosed a higher proportion of hemoglobin C than of hemoglobin S in the membranes.
Appraisal of the validity of the methods employed in this study is necessary for the interpretation of the results. The reproducibility of analyses of chemical composition and hemoglobin content of red cell membranes prepared in this manner has been pointed out by Anderson and Turner (2); they also noted that concentrated solutions of urea did not change the spectrophotometric characteristics of cyanmethemoglobin.
No new electrophoretic components which would suggest recombination of polypeptide chains (11, 12) was encountered in analyses of the ureatreated hemoglobin, although the electrophoretic mobility of the S or C hemoglobin in membrane pigment was at times slightly slower than expected.
Increases in hemoglobin A2, hemoglobin S and hemoglobin C in membrane preparations from normal individuals, those with sickle cell trait, and patients with sickle cell-hemoglobin C disease, respectively, were observed when urea was omitted and veronal was used to solubilize the membrane pigment. While some foaming was encountered in mechanically homogenizing the membranes in veronal buffer, similar treatment of water-soluble hemoglobin did not alter the expected distribution of electrophoretic components.
In the initial studies, membrane hemoglobin was solubilized in 50 per cent urea in Drabkin's diluent. Two other agents, 4 x 10-4 M digitonin in 0.015 M borate buffer, pH 8.9, and a solution of Tween 20 in normal saline, were also used to soltibilize the meml)rane pigmiient. Membrane hemoglobin prepared with any of the three agents contained a greater proportion of hemoglobin A2 than did hemolysate hemoglobin (Figure 2) , although differences in the amount of "trailing" on starch gel electrophoresis were evident in different preparations. The treatment of hemolysate hemoglobin with any of these agents did not appear to increase the proportion of electrophoretically slow minor component.
To study the possibility that the observed increase in the electrophoretically slow hemoglobin components in the membrane pigment was the result of preferential elution of the electrophoretically more rapid components, the following experiments were carried out. Standard membranes were prepared from a subject with sickle cell trait and from a subject with hemoglobin C trait. The first fraction of membrane pigment was then obtained by homogenizing the membranes in veronal buffer; the second and third fractions were obtained by successive additions to the centrifuged reddish stroma of 2 volumes of 50 per cent urea in Drabkin's diluent. The final residue after the second treatment with urea was a very small amount of reddish stroma. Starch gel electrophoresis of the three preparations of membrane pigment of both the S + A and the C + A erythrocytes revealed relative increases in the amounts of the electrophoretically slow components in all three fractions. The second and third fractions were too dilute for quantification on starch granules but no differences in the relative amounts of electrophoretically slow components of any of the three fractions were apparent on starch gel electrophoretic analyses.
Thus, membrane hemoglobin, prepared by several methods, contained relatively more of the basic components, A2, S, or C, than did hemolysate hemoglobin. This increase seemed too regular and large to be an artifact.
Several possible explanations for these findings were suggested.
1) The possibility that the composition of membrane pigment reflected the selection of a certain erythrocyte population should be considered. Allison (13) 2) It might be postulated that membrane hemoglobin contains a hypothetical "membrane-hemoglobin A1 complex" with the electrophoretic properties of hemoglobin A., S or C. The slight alterations in electrophoretic mobility of membrane A2, S and C might well be related to the presence of non-hemoglobin constituents in the membrane preparations. Direct evidence concerning a "membrane-hemoglobin A1 complex" is difficult to obtain. Rabbit hemoglobin contains no minor basic component, and no such component was demonstrable in rabbit membrane pigment. However, different species would be expected to have differences in chemical composition of erythrocyte membranes, and such a complex is a possible explanation of the findings of the present study.
3) At present the simplest explanation that can be offered for the observed differences in hemoglobin components is that A2, S and C are indeed increased in relative amounts in the membranes when the membranes are prepared by the method specified. (14) summarized evidence that erythrocyte membranes contain strong acid groups; the more electropositive hemoglobin components might thus be found in greater concentration in the membrane pigment. Kaplan, Zuelzer and Neel -(15) first observed that the principal morphologic abnormality associated with presence of hemoglobin C was the increased number of target cells on blood smears. The large amounts of hemoglobin C which were found in the erythrocyte membranes of individuals with sickle cell-hemoglobin C disease, or hemoglobin C trait may be related to the formation of target cells. A similar relationship between the sickling phenomenon and the presence of hemoglobin S in erythrocyte membranes was postulated by Anderson and Turner (1) .
Target cells and microcytosis are frequently observed on blood smears of individuals with thalassemia minor. Electrophoretic analyses of the membrane hemoglobin of four individuals with thalassemia minor disclosed an increased amount of hemoglobin A2 in the membrane pigment; however, the relative increase in hemoglobin A2 in the red cell membranes of these individuals was not significantly different from the increases observed in normal erythrocyte membranes. SUMMARY 1. Electrophoretic analyses of the hemoglobin associated with erythrocyte membranes disclosed the presence of the three known hemoglobin components (A1, A2 and A3) in normal membranes. A larger proportion of hemoglobin A2 was found in the membrane pigment than in water-soluble hemoglobin.
2. The membrane hemoglobin of individuals with sickle cell trait or hemoglobin C trait contained a larger proportion of the abnormal hemoglobin than did the water-soluble or hemolysate hemoglobin. The membrane hemoglobin of patients with sickle cell-hemoglobin C disease contained relatively larger amounts of hemoglobin C than did the water-soluble hemoglobin. While an increased proportion of hemoglobin A2 was observed in the membrane pigment of individuals with thalassemia minor, the increase was within the range observed in membrane hemoglobin prepared from normal erythrocytes. 3 . The results were consistent with the hypothesis that the binding of hemoglobin to the erythrocyte meml)rane is related to the hemoglobin charge, but other possible explanations for the observations were discussed.
